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STUDIES OF KNOCK-OUT REACTIONS 
D.W. Devins, D .L. F r i e s e l ,  W.P. Jones,  A.C. At ta rd ,  B.M. s p i c e r , *  V.C. o f f i c e r , *  
G.G. ~ h u t e , *  I . D .  ~ v a l b e , *  and R.S. ~ e n d e r s o n *  
The program of t h e  knock-out group has  proceeded s t e p  processes  a r e  important .  Such an experiment 
along two l i n e s  dur ing  t he  g r an t  year :  s t u d i e s  of  was done us ing  D i r e c t o r ' s  d i s c r e t i o n a r y  t ime,  wi th  
two-step processes  and a h igh- reso lu t ion  s t udy  of  r e s u l t s  shown i n  F igure  2. It may be pos s ib l e  t o  
4 0 ~ a ( ~ , 2 ~ ) .  E a r l i e r  work1 us ing  1 2 ~ ( p , 2 p )  i n  a  exp l a in  t h e  d i f f e r e n c e s  between t he se  r e s u l t s  by i n -  
symmetric geometry a t  100 MeV gave l i t t l e  evidence voking two-step processes  involv ing  t h e  2+ 1st ex- 
f o r  two-step processes  which could l e ad  t o ' t h e  c i t e d  s t a t e  of  12c. There i s  a l s o  specu l a t i on  t h a t  
512-(4.44 MeV) s t a t e  i n  l lg .  A more d e t a i l e d  analy- g i a n t  resonances p l ay  t he  i n t e rmed ia t e  r o l e .  D i s -  
sis of t h a t  d a t a  i nd i ca t ed  t h a t ,  though s i g n i f i c a n t l y  t o r t e d  wave c a l c u l a t i o n s  a r e  under way t o  t e s t  t h i s  
reduced i n  magnitude, t h e  512' s t a t e  was populated;  l a t t e r  p o i n t ,  and may be  h e l p f u l  i n  sugges t ing  ad- 
s e e  F igure  1. The cons iderab le  d i f f e r e n c e  between d i  t i o n a l  measurements which, when approved, could re-  
t h i s  r e s u l t  and r e s u l t s  obtained2 a t  50 MeV l e d  move any ambigui t ies .  
us t o  specu l a t e  t h a t  an asymmetric energy sha r i ng  The 4 0 ~ a ( p ,  2p) 3 9 ~  r e a c t i o n  was s t u d i e d  a t  150 
geometry, more equiva len t  t o  t h e  lower energy exper i -  MeV us ing  a symmetric coplanar  energy-sharing tech- 
ment, could h e l p  determine t h e  e x t e n t  t o  which two- nique.  Typica l  s p e c t r a  f o r  two d i f f e r e n t  va lues  of 
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Figure  1. Figure  2. 
t h e  r e c o i l  momentum, p3, a r e  shown i n  F igure  3. The 
FWHM i s  abour 320 keV, caused p r ima r i l y  by t a r g e t  
th ickness .  The Id3 l2  ground s t a t e  and 2s112 1st exc i -  400,. 
t ed  s t a t e  a t  2.53 MeV a r e  c l e a r l y  de l i nea t ed .  Ad- 
d i t i o n a l  s t r u c t u r e  extending w e l l  beyond 9 MeV, a  300 
t y p i c a l  upper l i m i t  f o r  t r a n s f e r  r e a c t i o n s ,  is  ev i -  I 
dent .  A DWIA c a l c u l a t i o n  has been made f o r  t h e  f i r s t  200 1 
two s t a t e s  us ing  a code suppl ied  by chant  .4 The re-  
100 
s u l t s ,  i n  F igure  4 ,  y i e l d  spec t ro scop i c  f a c t o r s  of  
4 0 ~ o  ( p . 2 p 1 ~ ~ ~  
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V) 3.89 and 1.74 f o r  t h e  and 2slI2 s t a t e s ,  res -  I- 
z - "  
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pec t i ve ly ,  va lues  q u i t e  c l o se  t o  those  expected from 0 1 
Hartree-Fock  calculation^.^ P e a k f i t t i n g  t o  t h e  
h ighe r  e x c i t a t i o n  reg ion  ha s  y i e lded  energy cor re -  200 1 
l a t i o n s  f o r  s e v e r a l  o t h e r  s t a t e s ,  a s  shown i n  Fig- 
u r e  5 .  The knock-out r e a c t i o n  is  c l e a r l y  w e l l  150, 
s u i t e d  f o r  t he  s t udy  of t he se  h igh  e x c i t a t i o n s ;  100. 
such a d d i t i o n a l  s t u d i e s  w i l l  be pursued when t h e  
recommendation of t h e  IUCF Program Advisory Com- 
m i t t e e  can be  ob ta ined .  
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